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1- Hydro-economic models
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Figure 3- Comparison of river flow observed data with simulation data
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Table 1- Effect of A2 climate change scenario on crops net water requirement during 2011-2050

Jols o (s of 5L bawgi

ol € g mulll gt b palls ol 5 lawghe Al ol 8 Ol a3

Y gate (S ;3 cxSe o) (i (LS p> cxSe o) (MiSu (w2 ,2)
crops Net water requirement average  Net water requirement average with climate Percentage of net water
under counterbalance change and under counterbalance requirement changes
P 3605 3696 +3
Wheat
7 2305 2381 +3
Barley
.‘ .
s 5676 6539 +16
Watermelon
e 3436 4525 +32
Cucumber
) 3562 4095 +15
Potato
e 5555 6805 +23
Tomato
NS 18000 18901 +5
Alfalfa
. 13255 13511 +2
Citrus

a0 laal w3 le
Source: Research findings
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Table 2- Effect of A2 climate change scenario on available water of different areas during 2011-2050

1LY Joled Codi (g piwd 45 O 3yl 500 Joled Coxi a8l podd U (piawd ;3 O Glime 3 Of ylime Wl i S0 pd
Sis9UiS (LS p> CxSe o) (iSu (LS y3 e o) (S (a2 y3) (o yiuwsd
Agricultural Available water under Available water with climate change Percentage of available
units counterbalance under counterbalance water changes
e 11166 10177 -9
Dareh-halil
! 11892 11627 -2
Ehya
e 10819 10224 -5
Jahad
PC1
PC1 channel 8690 4713 -46
PC2
PC2 channel 9239 4196 -55
} S 9329 3952 58
Jiroftl
=2 s 6772 3069 -55
Left Roodbar
ey s, 6886 1723 75
Right Roodbar

Guios glaaisl, s Le
Source: Research findings
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Table 3- Effect of A2 climate change scenario on average of crops yield during 2011-2050

sy Jalai Cod 3 Shos bawgio gy Jolai Cod g paldl i b 3 Slos lawgio 3 Sos O pdi w0y
@Y guacmo (255 95) (2,5 95) (%0 2)
crops Yield average under Yield average with climate change under Percentage of yield
counterbalance counterbalance changes
P 5520 4489 19
Wheat
= 4125 3652 -11
Barley
Wy 29733 23069 22
Watermelon
s 19199 15114 21
Cucumber
) e 34195 26751 -22
Potato
i 38613 30566 21
Tomato
W 10163 9911 2
Alfalfa
ol 17012 15781 7
Citrus
a0 laal w3 le
Source: Research findings
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Table 4- Water unmet demand of upstream, middle and downstream agricultural units under climate change scenario

Ol 0w el Lo o

Sia9lis gaasly Oapla) V00 Jlw 3 Ok i LSS (o yd) Yeor Jlw ool clolis JS
Agricultural (oo o d) d . d " d total ratio i
units Water unmet demand in 2050 year (MCM) Water unmet demand to water demand total ratio in 2050
year (%)
o 0 _ 1.320 17
Dareh-halil
el 2.2 16
Ehya
e 0.4 3
Jahad
PC1
PC1 channel 70 >
PC2
PC2 channel 60 >
Jiroftl
2 )by, 836 96
Left Roodbar
Casly 5l3g, 114 95
Right Roodbar
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Source: Research findings
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Table 5- Comparison of optimal and current crop pattern of representative farms

3 . &l y 033L Slaelip 033L
osgles £,l50 . . ol s .os s
Repl’esentative (J;j) B (W) i U‘M (M)") Culs dzsn
farms Gross margin ~ Gross margin Changes Crop pattern (%)
(current) (optimal)
(Jb) ossee 22s) (0) W B T C P A Wa Ci
Current 65 12 12 9 0 0 0 0
U1 338 406 +20 Optimal 68 0 30 0 0 0 0 2
Current 75 10 15 O 0 0 0 0
v2 371 414 *12 Optimal 62 0 31 0 0 7 0 0
Current 8 15 O 0 0 0 0 0
U3 26.5 .7 35 Optimal 70 0 25 0 0 5 0 0
Current 35 25 O 0 40 O 0 0
M1 347 401 +16 Optimal 2 0 33 0 65 0 0 O
Current 63 37 O 0 0 0 0 0
M2 244 34.6 42 Optimal 70 0 25 0 5 0 0 0
Current 0 0 18 44 35 3 0 0
M3 46.7 504 *8 Optmal 0 O 0 37 57 6 0 0
Curent 60 18 0 0 10 10 0 2
M4 398 528 +33 Optimal 45 0 0 0 25 25 0 5
Current 66 20 14 0 O 0 0 0
MS 302 395 +sl Optimal 82 0 0 0 0 12 0 O
Current 10 20 20 40 O 0 10 O
L1 503 593 +18 Optimal 53 0 0 32 0 0 10 O
Current 20 20 30 30 0 0 0 0
L2 375 54.8 +46 Optimal 65 0 0 28 0 0 2 O
Current 0 0 70 30 O 0 0 0
L3 4.2 67.7 +43 Optimal 47 0 0 38 0 0 15 0
Current 45 45 10 O 0 0 0 0
L4 33.1 445 +34 Optimal 8 0 15 0 0 0 0 0

C :(Cucumber) ,ls T :(Tomato) .S a>s5
Wa ;(Watermelon) «l,ue A (Alfalfa) «xs,

Ci + Citrus) «ls e

B :(Barley) » W :(Wheat) pui5
P :(Potato) _uej o

i claadl sl
Source: Research findings
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Table 6- Effects of climate change (CC) on optimal crop pattern and gross margin of representative farms

ol 5 0 &laelp 030 Slaely 0330
ssiuled g))50 (PEPWE) (ai2) O o (0 53) S 5!
Representative A o o
farms Gross margin Gross margin Changes Crop pattern (%)
(climate change) (optimal)
(JUy oygabee 1351g) (o) W B T C P A Wa Ci

Optimal 68 0 30 ©O0 0 0 0 2

vl 2> 406 37 CC_ 26 74 0 0 0 0 0 0
Optimal 62 0 31 ©0 0 7 0 ©

U2 303 al4 27 ccC 24 52 235 0 0 0 O 05
Optimal 70 0 25 0 0 5 0 O

U3 323 357 -10 cc 72 0 19 0 0 9 0 O
Optimal 2 0 33 0 65 0 0 O

M1 26 401 35 cC 26 74 0 0 0O 0 0 O
Optimal 70 0 25 0 5 0 0 0

M2 19.9 34.6 42 cc 0 100 0 O O 0 O ©
Optimal 0 0 0 37 57 6 0 O

M3 383 504 -24 cc 0 26 74 0 0 0 0 O
Optimal 45 0 0 0 25 25 0 5

M4 27.9 52.8 -47 cC 97 0 s 0 0 o o0 o
Optimal 82 0 0 0 0 12 0 0

M5 28 395 29 cc 97 0 3 0 0 0 0 O
Optimal 53 0 0 32 0 0 10 0

L1 38.7 593 3% cc 0 25 75 0 0 0 0 O
Optimal 65 0 0 28 0 0 2 O

L2 385 548 -30 cc 65 0 3 0 0 0 0 O
Optimal 47 0 0 38 0 0 15 0

L3 372 67.7 45 ccC 0 26 74 0 0 0 0 O
Optimal 86 0 15 0 0 0 0 O

L4 221 445 -0 ccC 0 71 28 0 0 0 0 1

C :(Cucumber) ,ls T :(Tomato) .3 a>s5

Ci + Citrus) «ls e

Wa :(Watermelon) «sl,ue A (Alfalfa) <,

B :(Barley) » W ((Wheat) pu5
P :(Potato) iwj cumw

Gaiod glaadly 15l
Source: Research findings
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Table 4- Water unmet demand of upstream, middle and downstream agricultural units under different adaptive strategies
with climate change in 2050 year

SipgliS sty 5o S14A2  S2+4A2  S34A2  SA+A2  SE+A2
Agricultural units
Jﬁl“”_ 1.320 0.842 0 0 0 1.013
Dareh-halil
k! 2.166 1.135 0.333 1.082 2.821 1.383
Ehya
e
0.446 0.212 0.204 2.590 4572 0.209
Jahad
PC1
PC1 channel 69.771  43.456  44.058 44763 22593  55.944
PC2 60469 54803 58616 52348 14720 58317
PC2 channel
\_‘””* 89.147 19370 86.852 111.809 289.468 29.934
Jiroftl
w2 ) 836.453 611.331 626.935 347.718 904.212 737.070
Left Roodbar
Euly l29) 113.859 98.277 98.801  48.057 108.201 92.084

Right Roodbar

suiod (glaal s le
Source: Research findings

Al o Sen |y ddgs Cand ol sladsly el (gldoly 033l
i slaailobes 1 ool (g3l 2l 351 L ¢ Jlo jgbay il
L3 L2 L1 gjlie cpe)l; ,iSa o 3 (laeliy 03jb (52) (sl
8l aales ioli el o A g VY Y Y ogu s cuipga Ld
Sx5HSe 5 (84) 2o cnitS ralpdl (lad (ol ywl Sl
otal381 ) slasl s 0351y Lais & (85) skl o8 Jlos! s
OliyglisS” (glaob o0 ials cel ash wimd od (5> sixe
13 glasby 03jh el b walgd Ca jbdg, sossled g)l5e
3 il 15 e el 208 Sl 51l B
il 5 (SyhersS Jpaxe b 4 Jpame oyl cuiS oS0k
Jds a0 wlgy e (gylnl o ol iwl 33 51y (slaol 0ol
otals ol JLis a5 o o8 Brmo b plojen (g)lul o5 Jlos
b glie ol )0 Y guase 3 Slas i
Jyazo (3,8 8L ik s3]yl Jlos ! (S y5b 4 (g
g 55ysliS saasly (oled gl S gl & e
@1y a8l e b b bl b ) s (laoli 035L a8l g
5 eslawl duday gla ol iwl SUssl 51 .ccih salg s
2l eis g JUml caslie slaJUS 5 (gylel o)y0e sloailobs
SVl g)l5e ol5y5liS pogad dan (f5)5liaS (slasky 035l
g ol cdly Sl azdl ol a8 550 aaled  ilisl s

9 M4 g)li) V Ebr oainled £ )l50 i cutS oSl gl

sm3 e b5 ol ety Ltalil sl 3l 2l 6T cow (M5
ol p3Sele w8y Jsame 5 (el (oS pAS Jpasme o oS
O_g.l Lol Sasisn .Lm|9$ (385 dld..ol.'s).g YR PW 13 PR J.m|95
PC2 4 PC1 slaasly (g0l g)l50 b annlio jo yiul3al o5
Cuwdiml Elie Sl A Joio 97 U5 @l ol 1208 oo 4
e Jpame 59,8 6lal gl sl izl 350l o cul o Sy
la JUL 5 (52) oyl oyt celodibols 51 oolizal ((53) 6 &
celaobi 035 ytalsdl el (51) ol gy 5 Jil clio
Ol o g3 8 dlgd Bl i Lulyd cou g)lie el jpgliS
Ot $X & oy Joame (93,8 L3N sl pl o gyl
SlaeS @l 0ald olaidl 55 &y 1) (glasl y 035l daus fl500
Ye g0 AV 0D Lilidl el sy d gyl ol Sl &S
36T L a5 dales L4 9 L3 A2 A1 g)l5e (glasliy 03} (o
Y gae o (52 5 51) (oLl ey d9-t0 slas il
e slp 499 9 ks lguin wiile & YU Ol Gpas b odjlyy
b byl 4 cans co )by godbled lgiea L3 9 L2 L1
Olmsan LA gasjo gly .l dalss [l oildl i cos
2 52 Jymaze (il paS Joame sl Jbdg sosiles
s9tg logs sl ) S50 ol pliy 05 Salgs digy S (545



IPAR linno) Foylod FF alr ((g5)gLiS dnmuwgs g Slasdl ag i ¥

o=l L;Lm.\_sb Lg‘d.ol.i)g ob)‘Lg d9ube il u_n...Ja.» L;Lmdjjl):.w]
Dy dales ang LB ol basly L b duslie jd Cuwd
0351 39 1y s> (Sle 9wtV g)lie Jeuily (i
ol &)l 5l Gl b sl ]yl Sl )b 5l glal

o5 el syl il glie nl (e )b SRS
o3y Gl )Sod (S 0 9 LS Elie (B 0 36 okl
aulyanl bls b awlis 0 busly oled o ol5)5lis” (glacl
Jd & asgs cund ol £)l50 sl Sl ol &S cuih sales Jlos

100 +
|
Eﬂ 80
|
= 60
§ 40 l'
5 |
& 20
|
o - . ]_I 'I.I
pTAZ ~
SIFAZ - oun2 ol
: s3+A2 A2 _— ]
o s5+A2
100 1
72 |
;=
= i
% 60 1
=] |
g 40 4
) |
20 JT
oA — ]_I ]] a l_l
LA
PrAZ  gea2 on ]
- s3+A2 —
s4+A2
s5+A2
100
|
% 0
3 |
= 60
5w
9 a0
5 |
ST JT
e L1y ],
A7 —
PrAZ gea2 onn a
: s3+A2 — ]
s4+A2
s5+A2

Ootie; Ooyas By O Sy - >0
Saffon  Watermelon Alfslfa Potato Tomate Cucumber Barley Wheat

| ey Ry
Crtrus Sazame
(il (S 631 ol (39 9 L oSl yuedi bl pa ot CuwndVL 0 Lo 50 i Sl (9T - € JSUS
Figure 4- Optimal crop pattern of upstream representative farms under climate change with/without adaptive strategies
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Figure 6- Optimal crop pattern of downstream representative farms under climate change with/without adaptive strategies
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Table 8- Effects of adopting adaptive strategies on gross margin (Milion rial per hectar)

oxizled )15 _ ptA2  sl+A2 $2+A2 $3+A2 S4+A2 S5+A2
Farm representative

Ul 25.7 34.7(+35%) 37.5(+46%)  38(+48%) 30.1(+17%) 29.3(+14%)
u2 30.3  38.5(+27%) 40.6(+34%) 41.5(+37%) 33.6(+11%) 34.2(+13%)
u3 323  36.5(+13%) 37.1(+15%) 43.3(+34%) 32.9(+2%) 28.7(-11%)
M1 26 33.3(+28%) 34.1(+31%) 36.7(+41%) 31.7(+22%) 34.6(+33%)
M2 19.9 28.7(+44%) 30.1(+51%) 31.3(+57%) 27.3(+37%) 28.3(+42%)
M3 38.3  46.7(+22%) 47.1(+23%) 47.5(+24%) 40.2(+5%)  38.7(+1%)
M4 279 31.2(+12%) 30.7(+10%) 34.0(+22%) 27.1(-3%) 28.0(0)
M5 28  31.6(+13%) 31.1(+11%) 35.6(+27%) 29.1(+4%)  28.6(+2%)
L1 38.7  41.0(+6%)  43.7(+13)  44.5(+15%) 37.9(-2%) 37.5(-3%)
L2 385  40.4(+5%)  41.2(+7%) 45.1(+17%) 35.1(-9%) 36.2(-6%)
L3 372 38.3(+3%) 41.3(+11%) 40.5(+9%)  36.5(-2%) 35.7(-4%)
L4 221 22.8(+3%)  23.9(+8%) 26.5(+20%) 22.8(+3%)  22.6(+2%)

i claadl sl
Source: Research findings
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Introduction: During the last decades, climate change has been highly disjointed. Recent studies on climate
change has approached the assessment of impacts of this phenomenon and adaptation strategies under
biophysical or social perspectives. In the field of agriculture and water resources, most assessments have been
based on biophysical modelling focusing on the agronomic dimension or the hydrological dimension. Therefore,
integrate biophysical and social aspects looking at environmental and human contexts are vital for investigation
of climate change and adaptation strategies effects. In line with this, varied types of integrated modelling
frameworks have been developed to address the different scales (from the crop to the river basin) and the
different dimensions of climate change, water and agriculture (hydrological, agronomic, socio economic). Water
resources in the Halil-Rud river basin are likely to be seriously affected by climate change in the form of
increased water scarcity and more frequent droughts which leads to conflicts among different water users and
uses, especially between agricultural sector and Jazmourian wetland services. However, because of the
multidimensional and multi-scalar nature of water management and climate change, it is needed to integrate
tools for the analysis of impacts and adaptation. In line with this, current study presents an economic —
hydrological model to evaluate potential effects of climate change and adaptation strategies on irrigated
agriculture and to solve or mitigate water resources conflicts among different water users and uses in studied
basin.

Materials and Methods: This study, combines a farm-based economic multi-objectives optimization model
with the hydrologic model water evaluation and planning (WEAP) which can represent the socio-economic,
agronomic and hydrologic systems in a spatially-explicit manner covering all dimensions and scales relevant to
climate change. To this end, current study was organized in two sections. In the first section, the effects of a
climate change under A2 scenario and balanced groundwater withdrawal (sustainable groundwater use) on
hydrological and economic performance of basin level were investigated using an economic, agronomic and
hydrologic model. Finally, adopting suitable adaptive strategies on hydrological and economic conditions were
evaluated using that model. A2 scenario is primarily simulated through the hydrologic model, as it represents
physical characteristics of the crop and water systems, through changes in climate variables. On the other hand,
adaptation strategies that affect human behavior are firstly simulated by the economic multi-objectives model.
The hydro-economic simulation model is started with the multi-objectives model run which include economic
and hydrological objectives. Then, Using the MABIA method and WEAP irrigation water requirements would
be calculated, allocating water to crops depending on water availability and established priorities, and estimating
crop yields would be done. After the first economic-hydrologic model simulation, there is a second economic-
hydrologic iteration. The economic model uses WEAP results on water delivered to irrigation communities
(water availability constraints at farm level), crop yields (used to calculate the gross margin per crop) and
irrigation water requirements under the simulated climate scenario and adaptation strategies to simulate farmers'
adjustment of cropping patterns to a new optimal land allocation.

Result and Discussion: results indicates the multi-dimensional effects of climate change and adaptation
strategies and show the large potential of integrated hydro-economic models for representing the multi-scale
processes related to climate change and water management. The analysis of decisions taken at farm level has
been proven to be necessary, as crop model results capture the potential of farm level adaptation to mitigate the
damaging effects of climate change and these are relevant to climate change adaptation as highlighted by
Reidsma et al. (2010). Results for the climate change under A2 scenario and balanced groundwater withdrawal
scenario (combined scenario) on status of hydrological and economic in the level basin showed that crops yield,
areas with available water and water demand reliability would decrease, while crops net water demand and areas
water unmet demand would increase and farmers’ income would decrease between 10 to 37 percent for
upstream, between 24 to 47 percent for middle and between 30 to 50 percent for downstream units in long —term
horizon in comparison to base scenario. But, adopting suitable adaptive strategies and measures could mitigate
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the effects of climate change on hydrological conditions specially for downstream areas and economic
conditions including upstream areas. Finally, combined suitable water transmission system, modern irrigation
technologies, saffron crop cultivation and deficit irrigation of some crops adaptive strategies simultaneously
indicated that unmet water demand significantly decreases and the total gross margin of agricultural sector
increases by 68% in comparison to base scenario under climate change.
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